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Influence of Fictitious Sources Type, Position and Number
on Toroidal Grounding Electrode Conductivity Calculation

INTRODUCTION

The use of models of fictitious sources, located inside the electrode, has proved to be an
efficient computational technique for calculating conductivity of grounding electrodes.
The Method of fictitious sources (MFS), or Charge simulation method (CSM), is applied
on toroidal electrode of circle cross section and also of ellipse cross section, for different
ratios of semi-axes. This paper presents an analysis of influence of fictitious sources
types on the precision of conductivity calculation, as well as of fictitious sources position

and number. The estimation of Method of fictitious sorces is also been discussed.

BASIC APPROACH

The basic idea of Charge simulation method is to replace an actual electrode by fictitious
sources, chosen in certain order and placed inside the electrode volume. The type,
position and number of fictitious sources has a big influence on the accuracy and
convergence. There are a few types of fictitious sources: point charges (for three
dimensional systems), line charges with constant density per unit length (in the case of
plan-parallel systems) and linear circular loops (for systems with axial symmetry). The
geometry of fictitious sources can be more complex too, but that depends on the
problem that has to be solved.

Besides the type of fictitious sources, their position and number influence on the
conductivity calculation accuracy, too. Some geometries require the certain order and
position of used fictitious sources.

The method of fictitious sources seems at first glance to avoid the disadvantages of both
the differential and the integral method. However, a price is paid: there is no reliable

general algorithm for chosing the position as well as the type of fictitious sources.



METHOD OF FICTITIOUS SOURCES APPLICATION

In studies of grounding conductivity the Method of fictitious sources, as an approximate
one, is often very useful. In this paper, it has been applied to determine the grounding
conductivity of toroidal electrodes: first, of the toroidal electrode of circle cross-section
and then of the ellipse cross-section, but for different values of ratio of semi axes.

For the case of toroidal electrode of circle cross-section, linear circular loops are used as
fictitious sources, [4]. The unknown intensities of sources currents can be determined
using boundary condition that the electrode potential is uniform. After fitting an
approximate potential value to the electrode real potential in a selected number of points
on the electrode surface, a system of linear equations with fictitious sources currents as
unknowns is formed. After solving that system, the unknown currents can be determined
and necessary calculations can be performed in a standard way. The circle loops placed
at the circle smaller than the cross-section give the better results than their placement at
the cross-section axis.

In the case of toroidal electrode of ellipse cross-section, the ratio of semi-axes requires
an appropriate type and position of the loops. The loops are circular and positioned at
the ellipse smaller than the cross-section as long as there isn’t a big difference between
the axes. When one of them becomes so greater than the other one, the loops should be
circles and put along the longer cross-section axis, in order to achieve better accuracy of
grounding conductivity.

The number of loops also has the influence on the grounding conductivity calculation. If
the number of fictitious sources is bigger, the values of grounding conductivity are better.

But, if the number is so big, then potential curves don’t have an expected shape.
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